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Table 5. Simple effects of potassium sulfate, compost and biochar on yield and elements of grapes leaf
concentration under water stress conditions.

Manganese Calcium Potassium Phosphorus Yield bk
Treatments
(mgkg™) % g
dals
263.59° 1.30° 0.88° 0.43° 3.05°
Control
by ol
341.64° 1.86° 1.04° 0.40° 3.72° e
Potassium sulfate
286.61° 1.86" 0.95% 0.55° 3.6° s
Compost
> oL
265.61° 1.48° 1.69° 0.67° 3.49% ST
Biochar

Al i) 50 e s bl sl gl dizas S mie G glils 45 e Kl O a0
Means with the same letter in each column are not significantly different at probability levels of 5.
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Table 6. Simple effects of water stress on yield and elements’ concentration of grapes leaf.

Manganese Calcium Potassium Phosphorus Yield o
] Treatments
(mgkg™) % g
a a ML"‘
301.356" 1.74* 1.25 0.56 3.18
Control
277.36° 1.50° 1.04° 0.47° 3.76 o

Water stress

Al i) 50 e s bl sl gl dizas S mie G glils a5 e Kl Oy a0
Means with the same letter in each column are not significantly different at probability levels of 5.
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Table 7. Analysis of variance (Mean Square) of soil characteristics affected by potassium sulfate, compost and
biochar under water stress conditions.

ke i S el A Oisps s BC oH g TP e
Sodium  Magnesium Calcium  Potassium  Phosphorus Nitrogen oC S.V.0
118.64™ 10.80™  283.33™  10324.67™ 1.57™ 0.00™  0.06™  0.04™ 0.04™ 3
block
533.65™ 414.72°  4802.007"  74.34™ 9.95" 0.00™ 021™  0.00™ 0.01™ 1 < o
Water stress
96.61.14"  540.00™" 3586.00”" 231867.64"  252.97" 0.00" 1.08" 230" 0.03* 3 »
Fertilizer
50.92™ 46.56™  972.67"  3704.14™ 2.78™ 000"  0.10® 003 001 3  vaterstressx
Fertilizer
Ut
388.25 68.78 237.62  57242.20 1.37 0.00 0.07 055 002 21
Error
ol pns 5
6.83 28.17 6.23 9.56 2133 20.92 2193 1698  2.05 e
6%
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* % and ™ significant at 5% ,1% and non-significant, respectively.
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Table 8. Interaction effects of potassium sulfate, compost and biochar and water stress on soil chemical characteristics.
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Fertilizers: potassium sulfate (10 g pot']), compost (5% w/w), biochar (10% w/w). Means with the same letter in each
column are not significantly different at probability levels of 5.
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Table 9. Simple effects of fertilizer treatment on soil characteristics in grapes plantation conditions.
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Compost
c a b a c a a b a )l?)iLi
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Biochar
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Means with the same letter in each column are not significantly different at probability levels of 5.

Seg ol S ghlol sy sse esdle
ol CalgS e b b S Ssd sle S
o (6555 Slasled e 558 550 0 S s
S by oise S gl obe il
g 53 olS 5 S ln Jlppl Lkas
ol e boles ple 4 cas sl
Sl lajles boaslis o sl pl Lol
VOV e SRl o SepeS 5 el
Sy &S Jl 55 s S nly sdo s YUY
VAL S apalty (s gaS b gl 53 aily
21 Ol B el el ol Rl ds
G5 Bl e S e plie (S S
2 ey CBlE Cpalols) by ol (SO
5 S 5peS (el s sl 5 (G Shas
53 doys \WAAY 5 ¥UYY AQ/A0 Cu Sa s sl
4 gm0l 1Bl (i35S 5 IS pae | alis
l3 lyet G oL T Ll oo s enly
3 0 Gk 5l Sl cble 505
Aas e pals |y e G ool ol
og eyt 2 sy ol glaadl el

o Ui 3wl o8 LS Gl S

AR

IS (55 does
sais s lals s T gls s s ely
355 Span ple 4 Cuus Sl Gludss Curs s
Lﬁ'ﬂ LSLQJL’““"? BL é)\buku )‘)JGA.: )ji.:\ SJ" o
OemeR s ey Sl 5 b Sl S
Qlﬂjy}w}“\&s LSL&)LA.J B S;’ LSJJC,.]G.LO
308 el Sz Sl b e 3 St el
pole Chle b nl 5 cansnS . Sl g
L:A..M.LLEA DL )‘){:\ ;fj L x_ef.a.ars_g x_ef.a.a).i
s b kla s ol Ol oS gl e 0
Sy oaud Chle Sk (a0 O
J.:u.:ﬂ )5\ .,\.\2_-).:& LA o2 )l;_-).il.: )Ls..ﬁ BE )J<"\
St sl S5y 5 Sas 5 5 608 slayles
Sideol= Gla S5s Sl sl 5 e paS by
S JT S asssl ool Sl Sk T



1A (1) o jlond ) ) e Sl g 9 SB o piso 4y i

5 NOY g | Sk Ol b6 e el
05 sl S U s sls Sl as s /oY
Syl P 1 Sl e aals L oanls
Lil i s CanseS Ode GVsb 5 8l sl
JRETUVEDTSHINE S ST
5 e oS e 5 S ezl
N R N D
b ool e ol iz 58 035331 S 4 S seS
S S slasle his s edle b ASL Ll
#oelS heg ol Gl el 5 e Sl

2 5d S S

1.Abel, S., Peters, A., Trinks, S., Schonsky,
H., Facklam, M., and Wessolek, G. 2013.
Impact of biochar and hydrochar addition
on water retention and water repellency
of sandy soil. Geoderma, 202: 183-191.

2.Alloway, B.J. 2008. Micronutrients and
crop production: An introduction. In
Micronutrient deficiencies in global crop
production. Springer, Dordrecht. Pp: 1-39.

3.Azizabadi, E., Golchin, A., and Delavar,
M. 2014. Effect of potassium and drought
stress on growth indices and mineral
content of safflower leaf. J. Sci. Technol.
Greenhouse Cul. 5: 3. 65-80.

4.Biederman, L.A., and Harpole, W.S.
2013. Biochar and its effects on plant
productivity and nutrient cycling: a meta-
analysis. GCB bioenergy. 5: 2. 202-214.

5.Chan, K.Y., and Fahey, D.J. 2011. Effect
of composted mulch application on soil
and wine grape potassium status. Soil
Research. 49: 5. 455-461.

6.Davoudi, M.H., Shahbazi, K.,
Feizollahzadeh Ardebil, M., and Rezaie,
H. 2015. Methods of organic fertilizers’
analysis, Soil and Water Research
Institute, Technical publication No. 531,
Tehran, 154p.

7.Eghball, B., Ginting, D., and Gilley,
J.E. 2004. Residual effects of manure
and compost applications on corn
production and soil properties. Agron. J.
96: 2. 442-447.

ywY

ey 4 S ol Sl 38 4S5 50l Symor
5 CowgaS I glassS 5 8 wls il | S
St JT 0550 5 S Sl e Sl sl

gl s S (Gsls dols i b s sl
Sk Ol Caligs b ams 53 5 Vb ks
5 S els IS 53 Sk 2UlS Gk
Ele F e S) Sy sl Vb 8 ab
P ode s (el awS Jle Y B s 530 G
ol @l el s o5 oSl el
boalie 53 CovseS 5 ool Ol (rass

8.FAO. 2016. Production  statistics
crops processed. Available at:
https://knoema.com/FAOPRDSC2017/pr
oduction-statistics-crops-crops-processed.
9.Genesio, L., Miglietta, F., Baronti, S., and
Vaccari, F.P. 2015. Biochar increases
vineyard productivity without affecting
grape quality: Results from a four years
field experiment in Tuscany. Agriculture,
Ecosystems and Environment. 201: 20-25.
10.Gupta, P.K. 2000. Soil, plant, Water and
fertilizer analysis. New Delhi. India:
Agrobios. 438p.
11.Haji Boland, R., Radpour, A., and
Pasbani, B. 2014. Effect of phosphorus
deficiency on tolerance to drought stress
in two tomato plants (Solanum
Lycopersum L.). J. Plant Breed. (Iran.
Biol. J.). 27: 5. 788-803.
12.Hargreaves, J.C., Adl, M.S., and
Warman, P.R. 2008. A review of the use
of composted municipal solid waste in
agriculture. Agriculture, Ecosystems and
Environment. 123: 1. 1-14.
13.He, M., and Dijkstra, F.A. 2014.
Drought effect on plant nitrogen
and phosphorus: a meta-analysis. New
Phytologist. 204: 4. 924-931.
14.Jackson, R.S. 2008. Wine science:
principles and applications. Academic
press. Academic Press, Ordibehesht 11,
1387 AP — Technology and Engineerig.
776p.



&b&oﬁ:gd)ﬁ.«o M‘

15.Jalali, M. 2013. Soil Fertility. Bu Ali
Sina University press. 560p.

16.Karhu, K., Mattila, T., BergstrOm, I.,
and Regina, K. 2011. Biochar addition
to agricultural soil increased CH4
uptake and water holding capacity—
Results from a short-term pilot field
study. Agriculture, Ecosystems and
Environment, 140: 1-2. 309-313.

17.Kloss, S., Zehetner, F., Dellantonio, A.,
Hamid, R., Ottner, F., Liedtke, V.,
Schwanninger, M., Gerzabek, M.H., and
Soja, G. 2012. Characterization of
slow pyrolysis biochars: effects of
feedstocks and pyrolysis temperature on
biochar properties. J. Environ. Qual.
41:990-1000.

18.Laird, D., Fleming, P., Wang, B.,
Horton, R., and Karlen, D. 2010.
Biochar impact on nutrient leaching
from a Midwestern agricultural soil.
Geoderma. 158: 3-4. 436-442.

19.Linday, W.L. 1979. Chemical equilibria
in soils. Chichester, UK: John Wiley and
Sons. 449p.

20.Liu, C., Liu, F., Ravnskov, S., Rubak,
G.H., Sun, Z., and Andersen, M.N.
2017. Impact of wood biochar and its
interactions with mycorrhizal fungi,
phosphorus fertilization and irrigation
strategies on potato growth. J. Agron.
Crop Sci. 203: 2. 131-145.

21.Liu, J., Schulz, H., Brandl, S., Miehtke,
H., Huwe, B., and Glaser, B. 2012.
Short-term effect of biochar and
compost on soil fertility and water status
of a Dystric Cambisol in NE Germany
under field conditions. J. Plant Nutr.
Soil Sci. 175: 5. 698-707.

22 Mahmoud Abadi, M., Rashidi, A., and
Fekri, M. 2013. Application of alfalfa
residue, poultry manure and potassium
fertilizer on some soil properties and
onion yield. J. Water Soil. 27: 2. 452-461.

23 Malhotra, S.K. 2016. Water soluble
fertilizers in horticultural crops-An appraisal.
Ind. J. Agric. Sci. 86: 10. 1245-56.

24 .Mousa, M.A., and Mohamed, M.F.
2009. Enhanced yield and quality of
onion (Allium cepa L. cv Giza 6)
produced using organic fertilization.
Assiut  University  Bulletin  for
Environmental Researches. 12: 1. 9-19.

vy

25.Najafi Ghiri, M. 2015. The effect of
application of different biochar on some
soil and carboniferous properties of
some food elements in a calcareous soil.
Soil Science Researches (Soil and Water
Sciences). 29: 3. 351-358.

26.Nelissen, V., Riitting, T., Huygens, D.,
Staelens, J., Ruysschaert, G., and
Boeckx, P. 2012. Maize Dbiochars
accelerate  short-term soil nitrogen
dynamics in a loamy sand soil. Soil
Biology and Biochemistry. 55: 20-27.

27.Rajkovich, S., Enders, A., Hanley, K.,
Hyland, C., Zimmerman, A.R., and
Lehmann, J. 2012. Corn growth and
nitrogen nutrition after additions of
biochars with varying properties to a
temperate soil. Biology and Fertility of
Soils. 48: 3. 271-284.

28.Rimmen, M., Matthiesen, J., Bovet, N.,
Hassenkam, T., Pedersen, C.S., and
Stipp, S.L.S. 2014. Interactions of Na",
K, Mg”, and Ca® with benzene
self-assembled monolayers. Langmuir.
30, 30: 9115-9122.

29.Sardoui, J., Ronagashi, A., Maftoun, M.,
and Karimian, N. 2003. Growth and
chemical composition of corn in three
calcareous sandy soil of Iran as affected
by applied phosphorus and manure. J.
Agric. Sci. Technol. 5: 77-84.

30.Singer, J.W., Kohler, K.A., Liebman,
M., Richard, T.L., Cambardella, C.A.,
and Buhler, D.D. 2004. Tillage and
compost affect yield of corn, soybean,
and wheat and soil fertility. Agron. J.
96: 2. 531-537.

31.Sparks, D.L., Page, A.L., Helmke, P.A.,
Loeppert, R.H., Soltanpour, P.N.,
Tabatabai, M.A., Johnston, C.T., and
Sumner, M.E. 1996. Methods of soil
analysis. Part 3-Chemical methods, Soil
Science Society of America Inc. 1390p.

32.Vaccari, F.P., Maienza, A., Miglietta, F.,
Baronti, S., Di Lonardo, S., Giagnoni, L.,
Lagomarsino, A., Pozzi, A., Pusceddu,
E., Ranieri, R., and Valboa, G. 2015.
Biochar stimulates plant growth but not
fruit yield of processing tomato in a
fertile soil. Agriculture, Ecosystems and
Environment. 207: 163-170.



1A (1) o jlond ) ) e Sl g 9 SB o piso 4y i

34.Xin,

33.Wu, Y., Xu, G., and Shao, H.B. 2014.

Furfural and its biochar improve the
general properties of a saline soil. Solid
Earth. 5: 2. 665.

X., Zhang, J., Zhu, A., and
Zhang, C. 2016. Effects of long-term
(23 years) mineral fertilizer and compost
application on physical properties
of fluvo-aquic soil in the North China

e

Plain. Soil Research.

156: 166-172.

and Tillage

35.Xu, G., Wei, L.L., Sun, J.N., Shao, H.B.,

and Chang, S.X., 2013. What is more
important for enhancing nutrient
bioavailability with biochar application
into a sandy soil: Direct or indirect
mechanism? Ecological engineering.
52: 119-124.



J. of Soil Management and Sustainable
Production, Vol. 10(1), 2020
http://ejsms.gau.ac.ir

DOI: 10.22069/ejsms.2020.16867.1901 Sorgan University of Agricuura

Effect of fertilizer management systems and water stress conditions
on nutritional status of grapes (a greenhouse study)

A. Safaril, *A. Fatemiz, M. Saiedi® and Z. Kolahchi*
'M.Sc. Graduate, Dept. of Soil Science and Engineering, Razi University,
? Assistant Prof., Dept. of Soil Science and Engineering, Razi University,
3 Associate Prof,, Dept. of Plant Production and Genetics, Razi University,
*Assistatnt Prof., Dept. of Soil Science and Engineering, Bu-Ali Sina University
Received: 07.05.2019; Accepted: 10.23.2019

Abstract

Background and Objectives: The grapes are one of the most important garden products in the
world as well as in Iran. One of the most important limiting factors of the growth of plants,
especially fruit trees, in arid and semi-arid regions, is the lack of water resources. Water
shortage reduces the water content of plant tissues and limits their growth. Also, the availability
of different nutrients in the soil is significantly changed under water stress conditions.
Accordingly, the management of plant nutrition under water stress conditions is one of the
important issues in the production of the plant. The use of organic and chemical fertilizers as
amendments of the physical, chemical and biological properties of soil can be one of the
strategies to reduce the adverse effects of drought stress.

Materials and Methods: In order to evaluate the effect of potassium sulfate, compost and
biochar on some soil properties and grapes nutritional status under water stress conditions, this
experiment was conducted in the research greenhouse during 2017-2018. The experiment was
carried out as a factorial experiment based on a block of randomized completely design with
two factors and four replications. The first factor, water stress had two levels (40, 80 % FC) and
fertilizers’ treatments included potassium sulfate (10 g pot™), compost (5 % w/w) and biochar
(10% w/w). The macro- and micro-clements’ contents of grapes leaf and soil properties
included the macro and micro-elements, pH, EC, OC. were also measured.

Results: The results showed that the interaction effect of water stress and fertilizers’ treatments
was significant for nitrogen (N), magnesium (Mg), ferrous (Fe), zinc (Zn) and copper (Cu)
concentrations of grapes leaves (P<0.01). The analysis of variance (ANOVA) indicated that the
simple effects of water stress and fertilizers’ application had a significant effect (P<0.01) on
macro- and micro-elements’ concentrations of grapes leaves. The results also showed that under
water stress conditions, the highest N concentration was observed for compost and potassium
sulfate applications. Without water stress conditions, there was no significant difference
between treatments. Under the water stress conditions, the highest concentration of Mg of
grapes leaves was achieved with biochar application. While without water stress conditions, the
lowest concentration of Mg was observed for biochar treatment. With and without water stress
conditions, the concentration of Fe and Cu was higher for organic treatments compared
to potassium sulfate application. With and without water stress conditions, the highest
concentration of Zn was achieved for potassium sulfate application. The ANOVA results
showed that the interaction effect of water stress and fertilizers’ treatments was not significant
for soil properties except soil calcium. The water stress caused a significant decrease in soil
phosphorus (P) and Mg (P<0.05) as well as calcium (Ca) (P<0.001). The effect of fertilizers’
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treatments was significant on electrical conductivity, organic carbon, N, P, potassium (K), and
sodium (Na) (P<0.01), Ca and Mg (P<0.001) concentrations of soil. The application of
potassium sulfate and compost increased the sodium concentration of soil 8.53 and 60.52
percent, respectively. However, the Na concentration of soil decreased 3.73 percent with the
biochar application.

Conclusions: According to the results of this study, it can be concluded that under water stress
conditions, the application of compost and biochar in comparison with potassium sulfate
enhanced the nutritional status of grapes because of the improvement of soil fertility status. The
highest K concentration and uptake of grapes leaves and soil were observed with biochar
application. Under water stress conditions, in comparison with no fertilizer application, K
uptake increased 69.85, 36.21 and 178.97 percent by potassium sulfate, compost and biochar
applications, respectively. Since K is a critical element to regulate the water content of plant
tissue and reduces the hazards of water stress, the application of compost and biochar is
recommended for the improvement of plant resistance under water stress conditions. However,
between compost and biochar, biochar is suggested due to having properties such as highly
porous structure, high specific surface area, higher water holding capacity of the soil, the long-
term stability in the soil and the reduction of Na hazards in soil.

Keywords: Biochar, Compost, Macronutrients, Micronutrients, Potassium sulfate
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